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[Abstract] (To be amended) 
[Problem] 

To provide a surface treatment method for obtaining 
aluminum nitride powder having excellent water resistance. 
[Means for Resolution] 

Provided is the surface treatment method in regard to 
aluminum nitride comprising the steps of: obtaining aluminum 
nitride powder; and treating the aluminum nitride powder by 
a surf ace modifying agent by either (a) simultaneously grinding 
and mixing the aluminum nitride powder together and the surface 
modifying agent or (b) grinding the aluminum nitride power and, 
subsequently, mixing the thus-ground aluminum nitride powder 
with the surface modifying agent. 
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1 

mtmrn^fmRuu^-thz-t, sfcd (b> mmt 
^mmmmmx^m-r^^t, urn, 

[ii#*g3] I§ (b) fC^^T. fflfE*ffcT/V5 = 

[W#*B4] ffflE*ffitftt»Jtfs, i««ilf«<£>JIBJ!SSL 
!7 ?/ * ;* , *s <t t>*»f A g * *b ft Z m b ^ M JR £ ti 5 '> ft < 
tt>lo^t-&*fc^tp, if 1 KE**>:fr«fc. 

isiV^u-f vBfc*»6fts»^feai«*jx, WE*** 

tfyvisj^mm* fv^-^mm, xv^x^^m 

N-^^^7th7 5 K35^ft5W^e>iSW$ttSS 

its** 7 ] awE*jtta> b mumtT^ * ~ * 
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2 

9^, 7^/yDt>hyxh^yy7>, y-^y-> 
^'>7°d h y ^ is is 7 is) , ^ctOV^/h 

^S7/b; iEB-TS^t :*5J:r*S*# 

ffl m. * t« T /U ^ = r> A m <t O^fe^tt T 
10 A^JP^LT, geHSJS*^ (self-propagating combu 
stion) &*3j|<£><5 C t ; 

MiSTyu^^r>A^^^, #60. 0 1 



[»#*B9] ffifE*DBttF«6»l^ % WJBSr**, fit 
TIC, T^>S, -r^^V-^®, ^J-yU^V^^^^ 
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40 



[ft**g 1 3 ] 
— 0. 5 mm(?)l 

2 {^fStt^^&o 
[»3ft«l 4] 

3 ir|B«c(7y^S 0 

5 1 



Bftfi5^7L^, *^J0. 0 0 1 — 1. 5 m 

30 miififSixS, f»*9(l 7{CfEftcO^S 0 

9] ZXT : 7^-;^!?A^^tt§r 

i miti 1 7;i^ ^ ^ ^ A ^ ftfl 1 1 , 
(self-propagating combustion) £riii£> -5 ^ £: t si CI 

[if*^l2 0] WETyu^-^A^^^ ^,0. 0 1 

[0001] mm mm<DftK&m 
z commit* trmttm&^o 9011 7 0 6 0 (200 

[ 0 0 0 2] 

1. 38W<0#» 

«t9l¥#|Bt-tt, ClXfciiBTKtt (moisture resistance) 



50 



[0003] 2 . m^&ffimm 

HffcTVU^ ^r>Ate x i!\e^ti (heat conductivit 
y) . fil^ffiiltt (electrical insulation) . 
ffitHftv'a ^^tt (heat shock resistance) , :&J:0<W 
(corrosion resistance) <D £ ? teffir&{Zig£tltctt 

t^ox. ^tr^s mttft#* 

MfelBi&m<Ds<y*ls?%t1ft (packing materials) % 

m^T'^ xm<Dtk$bM (heat dissipators) . mem 

H^^-T^ h (heat conductive pastes) s rfhl^lS^Itt^ 
VjJnv^s/ hW$4 (high heat conductive composite mat 
erials) , &&V1&mm.&itte&mi:&mti1t1i±jQ l m't 

tl^o L/^U Ift7/U^'>^fj: > MM (moisture) 

[0 0 0 4] ^tryu^rL^t&^Srftjtt-afcfe^tlt 
ffi^fttbrfi, Mt@S^ffi, WWftJKfflBttS (orga 
nometal precursor method) „ Mtz — SHt^Tf^EES , H 
W&iWfaT&tiSLfe (direct nitridation method) , *dJ: 

t«8«&&rt;S35s*»f tn^o mm&fitm*. sea 

(self-propagation) B^SiSi- «fc o Ti? "7 ^ ytWPt 
5,460,794, 5,453,407, jo ±W5, 649, 278tC§i^$n 
[0 0 0 5] «£ S ^T/u S = -> J*ffiM<D 

(i) t^iat+^^ii^ffiftt^ 

£\ (2) l^^tt^ili (molten aggregation) 
^e>Tyu5^9A»*S:Wit-r5>5\ *3±t5 (3) 

^tt, 1, 0 00 a tm&e^^T'fcS, L;*>U 
*B#W^5, 460, 79443 ±0**34*1*5, 453, 407C*5 

a*, a***H*-fb-&*tt, seeKiCctotKJS 

I8l:*5»5#9l4ftV Hffc&***«lS:#Ji¥ 
[0 0 0 6] *H#fF*5.649.278^H^S*L«*i5fe 
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^(3)2 0 0 3- 1 2 8 9 5 6 ( P 2 0 0 3 - 1 2 8 9 5 6 A) 

4 

*3 ± XimtT^ $ =. $> A Sr^ff ^ a-^-f a fc tf> £ 
[0 0 0 7] _k5£^± 9 SteTvu^^oaSHr 

-VMZPiU (moisture-proof) Sl*S:ffiftt4fll*l* 

®g£ft;M31ffi, ^ctViSMIK^^X^ik^tB^a (ra 
dio-frequency plasma chemical vapor deposition) 
(CVD) jfcjWIW&n*. SR^-^-f ^ifclo±Ot 

[0 0 0 8] *Jtt = — r^^^jSli, iDzk##tt»ES: 
2o^^f :?VMk^*ffi&3ffitfS#;fei-* 0 — Eg 

ashirab "Chemical SurfaceTreatments of Aluminum N 
itride Powder Suppressing its Reactivity with Wate 
r, m J. Mater. Sci. Lett, 10, ^994~996H (1991) \Z 
mMt£tlZ>Jj : £-T:&>Z) 0 i&Jjte, Y.0. Lit "Surface M 
odification of Aluminum Nitride Powder, "J. Mater. 
Sci. Lett., 15, fn758-176lW (1996) ^fEgc£*l£ 

iSja^X^X-^^^iSa (CVD) ffitt, Kffi/^^ 
[0 0 0 9] ^^co^g* 

tot, *«W(o±jSfi, a^tryu^^^^sraantea 

(modified aluminum nitride) /c^^-^-^^^O 

[0 0 10] 5 SftT^ ^ ^ ACo^t ^) 

m%Zt ;*5J:V (a) R*>ftTyu5^^^«&*Srtt* 

ffiiEi**jtra«p^»»xva-fri-s^i:, sfctt (b) 

[0011] **W^teo#»*5«tW3piJ i !Stt, iRf+^H 
50 L-T^t^ Ll ^tfije«OKT^I¥*IBftlftW^*3 
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[0012] **W«)l*jlM*RW 

tarck, Denka Ap i o, Advanced 

Refractory Technologies 
(ART). Tokyo Aluminum K. K. 

Ig (a) T/U5^9**:Ba>JBSc : SS^ffitt, 
^9 (pref orated) &ttft&?LMls (non-perforated) 

^a**n#*. rib, «n»*fctt*»«ttfir* 

*W>fc«ieSft»S :^77 7 ^F, A 1 N. Si 
3 NU, A 1 2 0 3 , Z r 0 2 , WC*iT 0 

[0014] T^z-vj^m&te, -wm^m 

tt, 0. 01-0. 5mrnJ^K(iO. 0 2 — 0. 

5: (1) 7/U^^^At^ 4 Kl£W^(7)^^St 30 

S£rtfft;t5 ; (2) (combustion wave) tfSR/S 

»«• 

[0 0 15] T/u^ = |?^^*^7L$ixTV^4&^, 
(perforation) <D\g.&fc0. 0 0 1—1. 5 m 
m. *?£L<te0. 02 — 1 mm(7)|5iti)5 e 
A (perforation density) (fi|l*>. ^^MMSC-*^ 40 

%m+imm<Dm&) 1-50%, $ t ^l< ^5-3 

tt, WT<aS9-efc5 : (1) +#***>a«lftf^ ^ 
^^^fc^ics^^tt^^ti^v^b^^ ; (2) m 

4^;tLt (3) Rj£4*tt»3ix*i\, ffifttMs-CS 

L< (±2 5 fflffl%^|S^^ 0 7VU$ = £J»S 50 
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(composite material) ^^^^^^t-So 

[0016] Ig ( b ) <&RfS*08S*n : R/£#J 

5 = = M#^Tyi^~^A 

^?A^»7/^; = ^i|j:, &4KH25 
ii%^i5 0 Tyu^^r>A^i6 s i«< *5f3:4f\ t# 

<ttloji^IR$n$ : A1N, BN, T i N, S 
iC, Si 3 N 4 , TiC, WC, A 1 2 0 3 , Zr0 2 J 
i 0 2> Si 0 2> ^n>K«4^ ft 

ffl£ix54&-g\ Sterns = J; tf*3fc 

UWlf i:Io%^0-8 oli% (£FSb<tei 

-5 011%) T'fc5 0 
[0 0 17] *3gPJtc^ffl$ixS^DiKitt; SlT<Dik& 

^: (i) AO^yftT^^^ (#U;ite\ NH 
4 F, NH 4 CK NH 4 Br^fcliNH 4 I) ; *5«fct* 

(i i) NHxIfc^P^y^, ^LT7yu^ 
**0>iWS (6 6 0°C) ±9 t><SV^a«t?»)IH4t?*« 

iff [CO (NH 2 ) 2 ] , NH 2 C0 2 NH 4 , j^T>^- 
= [ (NH 4 ) 2 C0 3 ] , NH 4 HF 2 , N H 4 N O 

3,NH 4 HC0 3 , HCOONH 4 , N 2 H 4 -HBr, N 2 
H 4 • 2HC K A1CU, A 1 B r 3, FeCl 

[ooi8] mnm<D§k\*s sjs^iics^^to 

-8 0S»% (»^b<i4 1-5 011%) T*fc-5 0 X 
m (b) tr*5^T S8ato»*3<fctJ«ryu5fSSri8SAP 

tilflSU, TyU^^^A^(7^^i4®^ (molten agg 
regation) S:«^$-fr5 ^ 4: , * ITSJSfe- O^gfcSK 

[0 0 1 9] *36W«-*3V^T«ffl$ix5T/u5fStt, # 
It^ft: (non-densified) 7U-^flt*fc-5 e TyU^ 
fS^^ffifi, 0. 1 — 2mm^|5lfflT*feS 0 TvU^fSO 
0. 0 1-0. 2ram, »SL<tt0. 02- 
0. 1 mm^iit^^o Ty^^fgcOTyu^ coffill, iff 
*L<tt2 5S*%Sr«*.So Tyu^fgc/^ffifi. 
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L< JiO. 1 - 

1 OM%) tfeSo 

too2o] ig (c) aftr/us = ^A»*<oaan : 

2 — 2 0 mm, L < (13 — 1 0mmTfc5 o W\LT 

— £ ^ Bfl Piling (aperture diameter) fl, 

0. 1 — 1 0mm, fF4l<|j;l-5mmT*55o 

(winding) <^«»*fc»±*^*rit*n»S. *JL*T9T 

fcg>i;:ft/H$;h,54§-g\ T/uS^Al^rtSii, 1 m 
m — Tfr^ — VJxm&COPl&V^ft. £ T ^L<fl2- 5 
rnmWiulT'fe^ 0 T ^ S — & At^COjf^Jl, 0. 0 
1—0. 5mm, KKIiO. 05 — 0. 2mm"efe 

&R<DW&1± y 0. 001 — 1. 5mm, fflKii 
0. 0 5-lmm-Cfc^ o fS(Z)M(0«« (WilMS 

K#i-4#a^»ffi«<£>#j-£) 1-50% 

B5|g (total sectional area) (1, T/U S ~ A^|§(7y 

Brffiffico 1-5 0%-efe3 o 

[0 0 2 1 ] a^TyU5 = ?>i.»*t«tt1-«Bttr±, 
[ 0 0 2 2] Ig (d) <<(-*/=*—9>- (initiator)* 

(b) izte\,^x&m£tiz>%>nm ; 

(i i) XS (b) ^fc^T*Sffl**L6W!io» : 
( i i i ) 3 ; *3cfct/ 

( i v) K«^JCL»*S^* % Wittf. Ti+C, 50 
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Al+Fe 3 0 4 , Al+Fe, Ni+Alftif, 

[0 0 2 3] ±»<^W^e>»W$tbSWJ|SFeo*tt, -Yn 

—<DmeL\zm<5\< ^to. 01 — 100 a*% 

(jf£U<tt, 0. 0 5- 6 011%) -cfc& 0 -f^> 

yx^^f^i^3 0mm (#*b<tt, 2-2 
0mm) ttZZXolZ^ miR£iv% 0 mm*mvt% 

[0 0 2 4] Ig (e) aE*#H«Sr»dci-a : -to 4" 

— McKg-r*. Set*-?, yr^— yr**— <z> 

T9 9—X1^ KEEi^WttT-feSo SlSiJEIl, 0. 1-3 
0 a t m, #f£L< (10. 5 — 1 0 a t m^PSn£*X 

[0 0 2 5] Ig ( f ) : T/i^ = R 

^ftn^/K— (heating component) CQjnfUUr J; o 
TgejSj&^ftS (self-combusted) 0 AoUft^ — ^ 

K^nSo festal, anf&te. u — i^— . ^^fisJt^Tc 
tt^-<^ojfi^J:oTfT*3iX»5 0 Safeco _b$|5^ffi 
Ht, 7/^; x ^7 S U 5 700 

-i 7 o o^ottH^iaat^inJRSixs^ft-cfca. 

[0 0 2 6] X@ (g) tftT^^^^A4^ft^ 
"T5 :lg (f) a>b^toiK**jftSPU ftt^T^^T 

[0 0 2 7] Z(DX 0 \^^ixtz.mtTjUx^^^ 
TT6 0 0- 1 4 0 0°Cc7)^^D^$ixT, a^T/U 

[0 0 2 8] rc^j: 5tw^$tt3t^ft:ryu^nr>A*& 

(A) ftift7/U^^^, *ffi»W»J*3«fct^K* 

(B) SfbTyu^^^A.^Sr.^L., »#**tfc*ft: 
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KU7U-^ (flakes) ^LT7l/- ^ SrjEtt: 

[0 0 2 9] **H«-fe^T*ffl**B5«t»3ttt LT 

(a) Kj^at&affilffiSfe : ffiljttf, ^ry^BL 

(b) ^^^^:Xf7!i yf!7 5/^^, ^^7^^^ 

ft if ; tecfcV 

(c) »JB: fifUx.fi, ^tf*isffim. ^vv^f^m 

^v^—>mm, *°y ^^^mm. 

IBftiT. 

[oo3o] ijfc^t^tea^o-t^ (a) *5«fflsn 

(B) as«/B£jh,54&£\ ^ffittttftltt. VvPx&tz 

(C) *s««*ix*»&, #£L<tt«ffilM* 

s^y istrmtfi* %Lfc<Dm^m 

iO$ft#, mkT;l-^~<?Ms1&^(Dmjffi(Dmmi± (adhe 
sivity) SrJ«5ft£l*\ ^bT^bTyU^^A^*^ 
ffi£^#ffi&SfcitAn£-frSo MIC W^fflJ8J:t«Eai 
»]#, Wfti*«S:ltaS*ii:4ft:ft{r % ttMB*>r T^ffi* 

2 0 0t<ot5iT-fe5o Mitf, o-^uy-yuy^y 

PhaPjWEMfflfcLTttJH3*u AURUOtfai 00- 
2 0 0°C, »*L<ttl 20—18 0 < C(^«BfflT-fc!9t# 
£ 0 40 
[0 0 3 1 ] **W«C#i»ft*fflEtt, * ^/U^-^yU/r h 
>\ Tirh>\ yK tvi^ /fy/p/V- 

yK -<>1?>\ ^V^yu^yu^T^: K (DM F ) , £fc 
JiN, N-^Vfyi/7thr$K (DMA C ) ^?>1R 

>f ^fcaor^fb-rao ±sE^^*3.a^o-fe:^ (a) 

l&ffiffiir^l^T 2 — 5 0mm%X*foZ> o Jbi&tfMfc^fti 
(B) Jw*3t^T, SItfBiSlOttt, fgffitf 

»#ii3j:tJ c *jjt^ttaa«wa<5i^-c5'-8 oi»%t* so 
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[0 0 3 2] *3BW^*3t>T*fflft* ix^JJ ls?m±. 

>\ Sfctt^yu*^ 1 h h y t< h**>->7^^e>»lR$ix 
£ 0 *j/ryv^ (Bpt>. v-^v) tt % K>r 
JjgT-T 5 r. fc K ct o T , *D*^W $ IxTADTk^jSPf fc* y 
•79>?m (BP*>, yy^hUt- yu) 5 0 «fc 

SS*PL, -tLT*D7K^*Pffc*5/^y ^^*J"C=i— 7 1 
^ ^^^iXTt^bryu^^^^^Sr, *B5ttF«6#J*3J: 
OWJtt^^VKtS. ^^y >^J£r, fiSfiSAnjfe 
(direct adding method) Sfcti^ftSS (solution met 

hod) lrj;oTig/H-r3 0 T^^/^y >^»J(^Sfi, ^fb 
Ty^^A^t^LTO. 1—8. 5fift%Tfc 

-t LT^r^ b< Ii3 0-6 0mm%X*&>Z> o (EiiffJOJI 
0. l-lif%T*fe5o 

[0 0 3 4] *«Mir^l^T*ffl-efeS S/-Wi, tR^^ 
^7"^— yi/^yt- (agitation type ball mill) ^/c{ii® 
ll^^^^yU (planetary type ball mill) frbMOl 

Sfbryi-^n^A, mt^m. &itt±mik* 

^WJfifiU^ (single-screw extruder) , 

tr*3t>r#fflftft«ft^rffitt, ftK^Ktttt (precipite 
separation drying) , >E3S*S:fll, 3M£ft 

[0 0 3 5] ±^C0^M^ynir^ (A) , (B) *5 
.fct/ (C) ^rtL-ett, /Pt^ (Al) - (A 
4) , (Bl) - (B9) K£Xf (CI) - (C4) lZ 

(A 1 ) : ffi*WI^*JfflprilBft*ftryu5 = ^A»*, 

[0 0 3 6] (A2) : aftTyu$ = 9A3B5|cS:, *3B 
X=i— r-< >^^^7t^fbryu^^^A^§r, 



[0 0 3 8] 
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^a^#s 0 ±]*^<t5J-> xv^v^ymtmmm 

[0 0 3 7] (A3) : ftfcTyU 5 = *ttt, 

(A 4 ) : mtTJis ^-r? J*¥^tf^frlM 

(A3) fcn— . 
[0 0 3 9] (CI) : ^bT/U5^^A»*S:»l|B* 
ffifi^J t jg-g-T S o b ft fc ^v^^7Vy 

Kb. yu-vmmw^n. ^-x^ti^mvmxmw 

[0 0 4 0] (C2) : ^bTyU^^^A^^^u^ 

K*» i£in*5W)f * ft # y ^ V > t?3 - ^ ^ $ 20 
hSrtK^ (Cl) dr^KWicf^]- 0 
[0 04 1 ) (C 3) : mtM&£Xm&1fl&tB i &tob 

(c 1) tmwmzm-c 

[0 04 2] ( C 4 ) : SMt»J*5 J: t 
(C2) t**fi&tw|B|— 0 

[0 04 3] ^nir^ (A 1 ) - (A4) tC*3l^T. 
^:&cfcT>lSzK (anti-moisture) #L3£tfS, IrJP^tT^ 

ft. ^tt»\ ffifc&&xm7k&m<Dm\zmn£*i 30 

So Sot, te«Snfc^tT^S = 9^»**s»*B^ 
(Cl) - (C4) fc*3V^«6^Sixfti\ ^nir^ 

(Cl) - (C4) JC*3^T, MikTsis^^trJ^mM 

1 7V > K J n 1 7 i/ - ^ t , r.ftSr2fc^ 
«3Btt, HitlSJ*^ :^nir;M*ltM*fls£ft % ^- 

[0 0 4 4] r - ^ i^f S^T^t ^ 1 (: J: o 

y^n-tr^ (B) C^PTffflt-So f^l7 B ot^ 
(B) tt, ^^CEJlT^^^l^WIS : 
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^ /ot^i^fwcypt^ (ad tm—x& 

5 0 _h5£<D®K (coarse-grain) S{tlT /U ^ ~ £ 

[0 04 5] (B2) : TyuS = ^/Si"* 
ItiaoT^^/cftt (coarse-grain) ^ffcT/U 

C/ot^ (Al) T-feSo ftSi£7^^^!> 

t4o ^KTyu5^»?A»*^W^*>f Xtt. 51 



^^x^<DiiM<D^m^mwmm^mm^^^ 0 

$g (percussion grinder) #*apff £>ft£ 0 fflWtik&fcT 
/u$~*AOiMXfi, «LT5-1 0 0mmT*>S o 
[0 0 4 6] (B3) : T/U S =. * A^^T^^S 

coarse-grain) ^fkT/^ 

IC^u-tr* (A2) tPI— T'fcSo 

[0 0 4 7] ±ii(7)7 P nt^ (Bl) — (B3) KlSSl* 
T«JH£ft5«ffi#iliiffltt, #tc:Pfi3ti*ft-f\ LTil 

feW*Sft#*. 

[0 0 4 8] ( B 4 ) : BMtJH*5 ± tWEitffldSSJS*^ 
^o-fe^fiHS^i-^n-fe^ (B 

2) 

[0 04 9] (B 5 ) : Wfc»J*3 J: tWEitff] ^KlS* J- 
3) -e*)4 0 

[0 0 5 0] (B 6) : 7;U^!/Af^fT^t5 
r b\ZL £^X±f$£fotzW& (coarse-grain) Wi\LT 

v^-e*ffittF«esiji: LT»3£o»mfc«-&3na^££t 

ynt^liHSSSC^Dt^ (Cl) <tlRl— trfc 
[0 0 5 1 ] (B 7) : »#fbS*lfcS^kT/U$ = ^^ 

ir-x (B 6) "CfoSo 

[ 0 0 5 2 ] ( B 8 ) : W-fb»J*5«tatflBJt«l34SgjCtt^ 

^.SDStbSC ^air^liynir^ (B6) i: [rI 
— T'fcSo 

[ 0 0 5 3 ] ( B 9 ) : BMkffldoJ: VffiiI»J^RlS*— 
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SS*D£ih,5r £EA*k ^n-fe^tt^cr-ir^ (B7) 1 151 
-r$>6 0 
[0 0 5 4] : 

3 1. 4cmX16. 2cmX0. 0 5cm(Df^X(^ 
Tyl^?g£\ Ig5 0mm^:lTgS2 0mmffc5P) 

[0 0 5 5] Ull £r#flgLT\ TyU^^^A^^l 1 
Sr. ^77/^ M^ffiJMf iLt^i/- h 1 2 

r/u^-r>Af|il i <z>j£g[Ue:iag 
U 10mra^|)^t'S^Ii25 o 7l/-^Ift(D7 
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[0 0 5 6] ^LW^U- h 1 2^il*f^7y^; 
-^^#I§1 lSr, HEl^yr^^- (pressure-res 
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^ > h 1 5 <h co ra^SEBI^ 4mrat45«fc 9 {-flSfflS b 

cfcoXO. 1 t or r*t»ELfc„ ^7^^-13^ 

i^bfc 0 SJBEiJoiU^— v^D-fc^SrSHlfe^iiU y 
1 3 F^<D^|?tJGB2 3 a t mtfcofc 0 — 

(^Sfti*) Sr^^irb. ^lxMSi)$Sri 2 0 0W 
id$ijifljbfc 0 y t^^-i 3^/£ffl^TiwKB$n^^ 

1 3— Sfiix. R^SriiiibT^bT^^v'Ji — ^ 

^LtatW^ftl&t, -t bT^oaciiSrS 0 1 
/#^W«Ibfco y7^^-13^^^3a tmC 

[0 0 5 7] SiC<^ra, ^y^T>7^7^y hi 5 

=*A§«1 1 tooteil, ^Lttifj: 

TVUS-S^SSSl 1 cojESP*5J;t>*y T99—\ 3 cojg 

as Srai or Rjs«—stenfc 0 

1 rt<&Rj£4»S:iiorii^4frg\ /JfM^fcTVl^ - 

5^Ti«g, #*n o^raftabfco y y— 

^1 9Sr§B*t. yr^^-1 3rtOBE^S:l a tn^S 
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[0 0 5 8] rcoj: 5ir£/££;ft,^>ffcT;t^ 

— ^^£$c^£\ iSMlTl^A' (planetary mill) (0(e 
»fi=4 0 0 r pm, ^#^==2 0 .5 
(*ft^u=i = ^A) ©IS=5mm) ^fflltW 

so (tt«#w«K±or»££ns) sjxmr&o 
n-e4x3 3. 2%*5cti^o. 8%rfc3£^#r£*i£: 0 

^**axfc»tTyu^^r>At&*^*ffia (BET (Br 
unner-Emmett-Tellerffi) \z£oXfflfc£tlZ)) 
2. 3m 2 /gXfeo^ 0 

[0 0 5 9] 5 0 0 g^$hfcat7;U^^Aft 
20 m '> T± h^(D^r^kt= 1 : 1) ^CO ^ 

SKKSrWfco ®»fffiSrK3li-ctor«i@b, ( P o 

wdery body) SrW, BC^T? £ *L&T 8 5 ^COX^^jSi^^ 

^^r^zK^iriagb. ^br7KcDpH^8. 5 2rfe 
stsj^tifco *B5«iasixri^^^tTyu5=.i> 

6T*fcStflo3t 0 *S*Dll;**tR (increased weight t 
30 est) ^8 5°Cc7)^SjoJ:0^8 5%cDte>fttM^^S^4 3 
r5 0R#Bn*Tofc o Mtf>itADttO. 6 5ii%T^o 
fc. »*R4fej«4fcSr, 3SxSS«^a»«IS:ffifflbr«iR 

-So 

[0060] iiia»»s^tc: < tor»#-r«fto^, a 

W^Tf^^^^J^^mm^k^^v^^— 30 0 

ft^o &i^r\ r^«J;5l:4^snfc5 0 0 g^lft7 

40 /u^ = ->A»5R*3j;TJtT"fe h>^2. 5fiffl%£O^^T 

-^liin too g^ofc, *a»B#rett4 05>r 

foofZo »#igaftt5 5 0 r pmTfeofc 0 ^fLT/P^ 
^•?A»*Sr, -hfficoj; 5 t-»« b* brftJd 

S^Co ±itco^W^f£^riTo7^ 0 D 5 oiil0//mT* 

o. 6fi»%r*>ofc 0 -^-r v^*st&*±{r»^s 
50 Sr*-T5r:£as5&IE$*i5 0 
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SSKEE (otro) 


JfQ$$$K (%) 


6 


i 


mmo, 

08?- 0,05-0-5 ram. 
#Hffil* 30% 


50 g 
0-55 g/cm 1 


2 


91 




2 


£lg =0.1-1 OR, 
5Wiifljtt= 30% 


100 g 
0.99 g/cce 


3 


92 




3 




loo g 
0.92 fl/cnr* 




60 


WCE3 


4 


SSLfTO. fig -o.l-l 
SWffli- 30%. 


200 g 
0.55 g/cw* 


3 


98.2 




5 


$BiMK>. WSk =0.1-1 

30%, 


200 g 
0.55 g/cnr* 


3 


99 





[0 0 6 3] W«tC«Mc?tbfcT/U5 = ^A»*tt, 7 
l^— ^<^?^ffiT-fco7t 0 gflP (Aperture) D 5 o^*tl4 0 

%-T?feofc 0 BfcSfSteO. T/i^^A 

£l 0 *5Sff*ttO. 0 2 5 4mmt^ofc 0 RJfcfeSrT 

KEHU 5I#«V^T*1 id*c?*t4tiff (operatin 

g) SiBBESt?**^^ S?Lfc 0 Tyi^~?A#^<£i 30 

fco «A^(16 0-1 0 OfjrCfcofc. Rj£»#fffltt:3 

0. 8-0. 9fii%T*fcofe 0 j^£j«4fe«r&&U 

[0 0 6 4 ] MM4fe^U15 : «tft/i7;u$^»>Aff» 

S2 : 



ii> Hi¥^0. 0 2 5mm, Ii5mm, flPlf 0. 
0 5- 1mm. ^LT^?Lffiffi5 0%T-fco/c 0 18!5 

m) S:RlC*fc»B^SSBet^M(riB«bfcr fcK 
*k ^M4co^n < hHgW^f^J--efco7t 0 ^Tvu^; 

[0 0 6 5] l£6_L>»ft7;u S ~ £ At&*SrRJE£* 

#*5 J: V***Sr« 2 fc*-f- 0 
[0 0 6 6] 
1*2] 













(%) 


6 


0^: 0.06am, 
iffi: lOan, 
14 cm 




800 g, 
0.53 g/cm 3 


2 atm 

30 1/5* 


99.5 



[0 0 6 7 ] CL^HMi-jo^T. Jnl&l^oi^TCD^? — 
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o7h 0 RfSBflBfil 0-1 5#T*&ofc 0 j»*iao4fej« 
ttl <D fe « CD jg i77 (C e fe fe 3&S ^ o fc « 
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m. 










7 


Al 50BS% + 
Al^Oj 50 


700g 
0.85 g/cm, 


2 atro 
80 l/# 




19.1 


99.2 




Al 70Sro» + 
30vt% 


40O g. 
0.75 g/cm, 


3 atm 
0 l/» 




0.9 


98.7 



[0070] mm7\z®>m£}itiT/u*^vj±^^ 
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so— 2 /x m % Si 3 N 4 : D 5 o- 3 ju m 0 f^t^^ 17 — fi 
12 0 OWt'fcofco 3B*B#[fflte2 0-4 0*Krfco 

[0 0 7 1 ] «W8lrjSV^T. £ffcT/US = **tf>Ji«:8& 
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W^T/i^-^^l^^te, W«5«r*5*tS-tixi:lRl 
9 5 %) D 

20 [0072] w»9~i o : mxim >> mttlm * 

[0 0 7 3] 
[^4] 











(%) 












9 


OA 99.5iPJs% ♦ 


600 g. 


2 atm 


99.5 




NH4CI 0.5 3sfi% 


0.63 g/cnr 1 


50 l/7> 




10 


7;i^n^A99.5me + 


500 g. 


3 atm 


98.9 




NH^Cl 0 . 5 


0.6 g/cm 5 


0 l/# 
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iD^/c&!>cD^r7— til 2 0 OWtfcot SS^c^ratt 
1 0 — 2 OfpXfootL* RlS^WttS — l o^-efco 
fc 0 *«|«^^«ttJltfi^^ofc»fi"rjbofe e 
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★111 0<7>*S**, ^4ic^-r o lii 0i:*5lt54^ 

■?:tL-Pix9 6. 2%joJ:t/9 5. 0T*fe-5 o 
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Al 99 3lS% + 
NH^Cl l5lg% 


3 ran 


500 g 
0.6 gAin 1 


3 atm 

60 1/5* 


0.67 


99.4 


12 


Al soJSiS%+ 

so HlSl.% 


5 ran 


750 g 
0.53 g/cm 3 


3 atm 

50 l/# 


0.53 


99.9 
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* (^U— K# = A5 0 0-FX 1 5 0) tit 
-t^Dsott*fc2 0 Mmtfeofc 0 

[0 0 8 0] *6^$iX5^>fkT/U^=:rJr^5K&**^ 

SMttfrSr, iMW £ ftfc — /u ^ ;^mu Lfc 0 >tf — yu ^ 
f^(OfzHb(D * /utff— /u<h it 1 7 o 0 g (DffiMt; 
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1 
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ART 


(3.5 


X$V- )V 


8.3 


3 


6 


o-^UV— 
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4 
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(5 ms%) 




8.1 | 
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6 
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5"K> 


8.5 
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mm 
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^t££$89(gg%) 




pH (801C • 


7 




7 (2.1 2?§*) ♦ PhjP (0.045 
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8.3 
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9 


51^7 


r — -> F*->:7tj 
U^M=->>^> (2 




8.1 


10 
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S3£ 


8.03 



ll-13: t 



[0 0 8 9] 

(milling) CJ:oTftofc 0 



T/U (^u-K#. A5 0 0-FX50) 

i-OV>T 1 0 /zm-efcofCo HJS0iJ(wjo^T. lOOg 

110: 



30 



xmtu^vx, m&vs&i&f&vit. »-&«sro~7— * 

^7 P ^^12 0tt^/uUc o ^ y *$JfCfti^ 

[0 0 9 0] 
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PH (80r, 20 B^flfRlPfc 


11 
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t'x^jcy-;UAX^> (6 SS%) 


8.55 


12 
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t77xy- ;kAX^>^(5M£5») + 

(2ia%}+Ph,p(o.4is%) 


8.2 


13 


3® 10 


o-^uv— ;py#^v^x#>^ (25 sg%) 


8.34 
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«i*r, m\LTfr%~$j>.m3L*mn\-ci}v~7y >-?m<d 40 [0092] 

itn-f-fymctSr^^T^ «fe9ilUfc 0 gift [ill] 
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V^>(0.5 




7.9 


15 
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v'>>(i-5 3sS%) 
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M^*ffi^*5V^T, ^ffitoStt, »#»*fcttt&»4:lRl 50 grinding) mJC IHB#^*ffiliF|jt»l*5j:t^3|»»*jBtS:t& 
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izmu-tzzt&mz&wiX'hZo got, 

5,234,712iJt«Lfci§£\ J:9{B;^:a;* McAPx.t\ 

saunas x o t£X&*%mctz> 0 
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l(13)!0 0 3- 1 2 8 9 5 6 ( P 2 0 0 3 - 1 2 8 9 5 6 A) 

24 

[Ell] Bill, *»W<0*r8fe^ttoTaaMtr/u5 = 



[IU1] 




(51) Int. CI. 7 

C 0 8 K 9/06 
C 0 8 L 101/00 
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F^ — -M#%) 4F070 AA44 AA46 AA47 AA53 AA59 
AA63 AC 15 AC 19 AC46 AC49 
AC52 AC55 AC66 BB02 DA47 
DA50 DA60 DC02 FA03 FA04 
FA 14 FB06 FC05 FC09 
4J002 AE031 CC041 CD001 CF001 
CK021 CP031 DF016 EJ007 
EL137 EN007 EN008 ET018 
EU118 EW018 FB096 
4J037 AA17 AA25 CC03 CC22 CC23 
CC24 CC26 EE03 EE28 EE29 
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1. Title of Invention 

SURFACE TREATMENT METHOD FOR PR R P AT? 1 NG WATER-RES I STANT ALUMINUM NIOfDE 
POWDER 

2. Claims 

1. A process lor producing water-resistaot alcmiflcm nitride powder, com 
prising: 

obtaining an aiumintm nitride powder; and 

treating the a 1 u m i o d m a i t r I d e powder with a surface modifier by: 

(a) s imu I i a n e o i s I y grinding sod nixing the aluminum nitride powder with 
the surface modifier, or 

(b) grinding tbe alnminum nitride powder and subsequently mixing the sam 
e with tbe surface modifier. 

2. The process as claimed in Claim I, wherein, in Step (a), the alumina 
is nitride powder is simiitaneously ground and mixed with the surface mod 
ifier ia > ball mill which includes a grinding medium. 

3. The process as claimed in Claim 2, wherein, in step (b) , the alumion 
m nitride powder is mixed with the So/face modifier in an extruder or a 
rcll mill, fallowing by tbe grinding of the product exiting from the ert 
r b d e r or the roll mill. 

I . The process as claimed in Claim I. wherein tbe surface modifier iocl 
udes at least one compoood selected from the group consisting of a fatty 
- acid of faigfe carbon Bombei, s wax, and resin. 



r 
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5. The process as claimed in Claim 4. wh e f c i d said fatty acid of high c 
arbci Dumber is selected from the group consisting cf steaiic acid and c 
leic acid, mri *ax is selected from the group consisting of steatic aci 
d wax and natural wai, and said resin is selected from the group consist 
tng of epoxr r e S i q , polyurtthane resin, silicone resin, polyester resin, 
and phenolic resin. 

6. The process as claimed in Claim 4, wherein the snrface modiliei furt 
her includes a solvent selected from the group consisting of methyl etfay 
1 ketone, acetone, elhiocl, ether, isopiopanol, benzene, dimethyl iormaro 
ide, and N , N-d i me t hy 1 acetacidc. 

7. The process as claimed in Claim 6, further comprising the step of se 
paratisg the alumioim nitride powder from the solvent, and drying the al 
umiDum nitride powder after separation. 

8. The process as claimed in Claim 2, wherein the grinding medium is ma 
de of a material selected from the group consisting af xirconiom oxide, 
alaainciD oxide, aluminum nitride, silicoo nitride, and tnngsteo carbide. 

9. The process as claimed in Claim 4, wherein the surface modifier incl 
udes a resin, and farther includes a curing agent selected from the g r o o 
p consisting of amitcs, acid anhydrides, and phenols. 

10. The process as claimed in Claim 4, wherein the surface modifier iac 
lodes a resin, and further includes an accelerator selected from the gro 
up consisting of amines, imidazoles, o r ga n o ph o s pb i o e s , ureas, Lewis acid 
S , and a combination thereof. 
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II. The process as claimed in Claim 9, wherein the aluminum nitride pow 
der is treated with a coupling agcot before b < i o g mixed with the r c 5 i n a 
ad t&e car i o g agent, the coupling agent being selected from the grenp cc 
ousting of vinyl iriethoxy silaae, amino propyl triethoiy silane : 7 -g\ 
yc idoxyprcpy 1 triinethoxy silaoc if ammi-g I y c i doxy propy I trinethoxy silane 
), aod mercapto tr iniEtboxy s i [ a q e . 

It. The process as claimed in Claim 1, wherein the aluminum nitride pow 
der is prepared via a combnsticn synthesis which comprises: 
preparing an aluminum container; 

placing a particofate aluminum ioto said alominum container; aad 

heat l d g said aluminum container aod said particulate aluminum in a oitro 

gen atmosphere to proceed with a s e I f -p r o p a g a t i ng ccmbnstion; 

wherein said aliminon container undergoes a reaction with nitrogen. 

13. The process as claimed is Claim 12, wherein said aluminum container 
has a container wall with a wall thicluess of about 0.01-0. 5mm. 

14. The process as claimed in Claim 13, wherein said ccotainer wall is 
provided with perforations. 

15. The process as claimed io Claim 14, whereio said perforations have 
a pore diameter of abect 0 . 00 1-1 . 5mm. 

H. The process as claimed in Claim 15, Therein the total area of the p 

erf orations is 1-5 0% of the total area of the container wall. 

17. The process as claimed in Claim 12, wherein nitrogen is caused to p 
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ass ibrcufh the a I u is i g d ni container fron a bottom end to a top e q d cf the 
a ! omi d am c c n t a i n e r . 

18. The process as claimed in Claim 17 , wtereit an a ] a ni i a u m nitride pow 
del is added tc the aluminum container as a diUe&l. the diluent being p 
laced between the particulate aluminum and said container wall of the al 
urn i c urn container. 

19. A process fcr prodncing an alsninnm nitride powder via a combustion 
STDthesis which conipr i ses : 

preparing as alominorn container; 

piaciog a particilate alaminnm into said aluminum container; and 
beating said a 1 u no i d u m container and said particulate a 1 urn i q v no in a oitro 
gen atmosphere to proceed witb a s e I f -p r o p a g a t i n g c ombu s t i o n whe r e i n sa 
id alurainuc container undergoes a reaction with nitrogen. 

20. The process as claimed in Claim 19, wherein said alumioum container 
has a container wall with a wall thickness of about 0.01-0.5 mm. 

3. Detailed Description of Invention 
CROSS-BEFERENCE TO RELATED APPLICATION 

This application claims priority of Taiwanese application No. 090117060, 

filed oo Jilr' 12, ZOH. 
BACKGROUND OF THE INVENTION 
(. Field of the Invention 

The present invention relates to a surface treatment method fcr aluminum 
■ nitride, more particularly to a surface treatment method for aluminum a 
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itride to obtain afi aluminum nitride powder having saperici moisture res 

1 $ t a o c e . 

2 . Description of the Related Art 

A 1 u m i d n m nitride is a material s c p t r i c r in properties, such as beat coed 
u c t i t i t y , electrical insolation, thermal expansion, heat shock resistant 
c, acd coricsioo resistance. Therefore, a ) d m i n u m nitride is bicadiy used 
in various fields, such as electrcnic sobstrates, packing materials for 
integrated circuits, heat dissipators for electronic devices, heat c d n d 
uclive pastes, high heat conductive composite materials, and containers 
for receiving and processing molten salts or metals. However, since a Urn 
i n u m nitride is very seositive to moisture, it is liable to absorb moist 
ire in the atmosphere to form bydroxyl groups on the surface thereof, wh 
ich can corrode electronic devices. The c x y g e a content in a i c m i n n m sitri 
tie is also increased thereby, which would lower heal conductivity. There 
lore, there is a need to provide a modified aliminum nitride powder havi 
ng superior moisture resistance. 

Conventional methods Tor manufacturing aluminum oitride powder incltde t 
be gas phase reaction method, the orgsnooetal precursor method, the rein 
ctioQ-oitridatioD method, the direct nitridation method, and the combust 
i o i synthesis method. The combustion synthesis method is a method for sy 
Bihetizing ceramic materials by s e 1 I -pr o paga t i o n combustion reaction. Th 
e details thereof arc disclosed in U.S. Patent No s . 5,460,794, 5, 4 5 3 ,407 
and 5,64>,278. 

The key to the synthesis of an alofiioum nitride powder via the combustio 
n synthesis method resides in: (1) how tc provide sufficient nitrogen, [ 
2) how to prevent alomimm powder f i om molten aggregation, md (3) how t 
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0 achieve a complete reaction. II nitrogen gas is used as a nitrogen sou 
ice fcr the combustion synthesis reaction, the pressure for the reaction 

should be more tbao 1,000 a t m . However, such i high pressure will lucre 
a S c cost, complexity and safety risks for eqiipmcat and operators. M li 
quid nitrogen is n s e d as the nitrogen source for the reaction, it will s 
offer from the same drawbacks as gaseous nitrcgeo. A n i i r o g e t - c c o t a i s i n g 

solid compound is used as a nitrogen source for tiic combustion synthesi 
s reaction in U.S. Patent No. 5,460,794 and U.S. Patent Nc . 5 , 45 3,407. A 
Ithcngh it is cot necessary to use high pressure for the a i t r o g e n -c o n t a i 
ning solid compound, the n i t r o g e a ~c o n t a i n i n g solid compound should be a. 
thermal decomposable compound so as to conduct the reaction by self-prop 
agaticfl combustion. Specific design in reaction steps is required for de 
composing the solid n i t r o ge q -c c a t a i n i a g soiree to produce nitrogen usefu 

1 for the reaction with an aluminum powder. 

The method disclosed in U.S. Patent No. 5,649,278 can prevent aluminum f 
ron molten aggregation, maintain flow of nitrogen, and obtain high con re 
rsion. However, limitations on the feed powder density will limit the se 
lection of raw material. Furthermore, mnre than 30 wt% of inert diluent 
is required t o ' h omo g c a e o i s I y mix with aluminum and aUmiocn nitride. Tin 
s will further increase cost and complexity, and lower productivity. 
As described above, it is desirable to redact the reactivity ol aluminum 

nitride to moisture. The well-known methods for providing aluminum nitr 
-ide with a moisture-proof effect include a solution coating method, a cb 
emical sirface treatment method, a surface cxidation treatment method, a 
nd a r a d i o -f r e q ue n cy plasma chemical vapor deposition (CVD) method. Both 

the solttioo coating method and the radio-frequency plasma CVD apply i 
silica layer on the surface cf aluminum nitride powder. There are two ty 
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pes of chemical surface treatment methods. One is to coat the surface of 
the aluminum nitride with 2 stearic acid, and the other is to use oleic 
acid for the surface treatment. The snrface oxidation treatment method 
is uses an oxide layer to block a I cm i d eid nitride powdej (job moisture. 
He solution coating method has drawbacks, such as difficult! in recover 
log hydrolysis catalysts, pollution problems, the requirement of high te 
mperatuie c 1 i d a t i 0 0 process and high cost. Typical lr ( there are two type 
s of chemical surface treatment methods. One is the method described in 
Egashira et al. "Chemical Surface Treatments of Aluminum Nitride Powder 
Suppressing its Reactivity with Water/ J. Mater. Sci. Lett, t0 5 Pages 
994-996 (1991). The other is the method described Id 7.0. Li ct al., "Si 
ifacc Modification of AlumiootD Nitride Ponder/ J. Mater. Sci. Lett., 15 
, pages 1758-1761 (1996). In the aforesaid two methods, the solvent need 
s tu be washed oat several times, and removal of the lesidaal surface mo 
difier is time -consuming. In addition, it is difficult to recover the so 
Ivcct. The radio-frequency plasma chemical vapor deposition (CVD) method 
requires expensive equipment. The surface oxidation treatment method ma 
y have drawbacks, such is extreme increase io orjgec amount aed difficul 
ty to control. 
SUMMAEY OF THE INVENTION 

Therefore, the object of the present invention is to provide a simplifie 
d s ei d inexpensive method for Surface treating aluminum nitride so as to 
-obtain a modified aluminum nitride baring superior moisture resistance. 
The surface treatment method for aluminum nitride according to this iave 
0 1 i 0 n c omp rises: 

obtaining an aluminum nitride powder; and 
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treating the aluminum nitride powder with a surface modifier by; 

(a) simultaneously grinding and mixing the a 1 1 m i n u m nitride powder with 
the surface modifier, or 

[b] grinding the a 1 1 m i o urn nitride powder and subsequently mixing the f an 
e with the surface modifier. 

Other features and lriraatages of the present invention will become appar 
cnt in tie following detailed description oi the preferred embodiments w 
itb reference to the accompanying drawing. 
DETAILED DESCRIPTION OF THIS INVENTION 

The alnminnm nitride powder o s e d in this invention is commercial avail a b 
le from Starck, Denka Apio, Advanced Refractory Technologies (ART), To k y 
o Alum in cm K.K., etc., or is pi od iced by synthesizing in an a- 1 ami d urn con 
t a i ne r . 

The method for producing aluminum nitride powder by synthesizing in an a 
liffiinno container comprises the following steps: 
Step (a) Preparation of ao a I cm i d o m container: 

The wall ef the container maj be perforated or n o s -p e r 1 c r a t e d . Tit size 
of the container is determined on the basis of the amount of the iet.ctao 
t. The shape of the container is net critical, provided that the reactan 
t can be received therein. The container with cylindrical, elliptical or 
spherical shape is preferred. The cnntaiier may be provided with one or 
two openings, or may be sealed after placing the reactant within the co 
-otainer. Wbefi the container with two openings is used, the cectainer can 
be disposed on a support before the react ant Is placed therein. The sip 
port can be perforated or non-perforated, and can be manufactured from a 
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material selected from following: graph ice, A IN, Si 3N 4 , A 1 2 0 3 : ZrOg, WC 
, etc. 

Additionally, the aluminum c 0 n t a i c e 1 can be formed integrally, or can be 
made by a single layer or multiple layers of perforated or nou-perfcrat 
ed aluminum foils. The vail thickness cf the container is 0.01-0.5 mm, p 
relerably 0.02-0.2 mm. Tie wall thickness is determined br tie following 
condition?: (I) The aluminum container is provided with 2 mechanical st 
reogth sufficient for ma i d t a i n i q % the shape of the container when the re 
actant is received therein; (2) When the combustion wave passes a certai 
n section of the reactaot, the wall of the aluminum container will under 
go reaction and produce a 1 0 m i d q m nitride powder. This enables nitrogen t 
0 react with the reactaot in said Section. 

If the aluminum container is perforated, the diameter of the perforatio 
ns ranges from O.flGl to 1.5 ram, preferably 0.02-1 run , The perforation de 
nsity (i.e. the ratin of the perforation area to the container vail area 
) is 150 %, preferably 5-3056. The conditions that determine the size and 

the density of the perforations are as follows: 0) A sufficient amount 

of nitrogen has to flow to the reaciant for complete reaction; (2) tie 
perforated container mnst have a mechanical strength sufficient to maint 
ain tie shape thereof when the reactant is received therein; and (3) the 

reactaot is not exposed* la order to produce tbc alamiaomniiride pewde 
r with a high conversion rate, the aluminum content in the aluminom cont 
-aioer 05ed in the invention is preferably more than 25 vt%. The higher t 
he alaminuH content of the aUmioom container, the higher will be the pa 
rity of the aluminum nitride. Conversely, if the aluminnm content of the 

aluminum container is lover, a composite material consisting of alvmiuo 
m nitride, impurities and nitrogen containing compound will be formed. 
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Step (b) Additicu of reactants to the c c c t a t o e / : 

Tkc icactatts comprise an aluminum containing powder or a mixture of a 1 □ 
rr i q urn containing powder with at least oqc of a diluent, additives and a! 
uminjni foil. The aluminim containing powder is selected from pore alnmin 
am powder, aluminum alloy, a mixed powder of pore aluminum powder with c 
t b e r elements, or flakes of aluminum or alumisuirj alloy. The amount cf si 
uninuin in the aluminum containing powder is preferably more than 25 wt5c. 

The higher the aluminun content, the higher will be the purity of the r 
esilting aluminum nitride powder. The dilneat is a powder hating a high 
melting point but iaert to reaction with the alum in am nitride powder. Th 
e inert diluent is selected from at least one of the followiog: AIN, Bft, 

TiN, SIC, Si^N^ TiC, WC t A 1 2 0 3 , Zr0 2 . T i Q 2 , S i 0 2 , carbon powder, diamc 
nd powder, etc. If aluminum nitride is osed as the diluent, the product 
is alumimm nitride, if tbe ether materials arc used as the dilueot, the 

product is a composite material consisting of alcminura nitride and the 
diluent. The amount of the dilienl is 0-60 wtSi (preferably 1-50 wt%) bas 
ed on the total weight of the reactant. 

The additive used in this inreotion is selected from any one of the foil 
owing compoaod*. or combinations thereof: 

(i) ammonium halide, such as NIJ 4 F , NH 4 CI, NHjEr or NH 4 1 ; and 

(ii) a compound which contains NH X or halogea asd which is decomposable 
or gasified at a temperature lower than the melting puiut of aluminum (6 

~60°C). Examples ef the couponed inclide, bw t are net limited to, urea [C 
0(NH 2 ) 2 ], NH 2 C0 2 NH 4 , ammonium carbonate [(NH 4 ) 2 C0 3 ] t NH 4 HF 2 , M^Oy NH 4 
llCOj, HCOONH 4 , N 2 H 4 . HBr, N 2 H 4 . 2HC1 . A 1 C 1 3 , AlBfj, FeC 1 3 . 
The amount of the additive is 0-80 wt% (preferably 1-50 wt%) based on to 
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e weight of the reactant. The purpose for adding t b c diluent, the additi 
ve and the aluminum foil Id step (b) is to reduce the molten aggregation 
of the aluminum powder, and to facilitate nitrogen (low into the reacta 
nt so as to proceed with the reaction. 

The aluminim foil used in this invention is in a form of DOn-decsified f 
laics. The size of the aluminum foil ranges from 0.1 to 2 mm. The ifeictn 
ess of the aluminum foil ranges from 0.01 tc 0.2 mm, pieferably from 0,0 
2 to 0.1 mm. The amount of aluminum in tee aluminum foil is preferably tn 
ere than 25 wt%. The amount of the aluminum foil is 0-30 wt% (preferably 

0 . 1 - i D w t%} based on the weight of the reactaits. 
Step (c) Addition of aluminum nitride powden 

Aluminum oitride powder is placed between the reactint and the aluminum 
container, or a perforated aluminum tube is placed within the reactint. 

The thickness of the layer of aluminum nitride powder is 2-20 mm, prefe 
rably 3-10 mm. The aperture diameter of the aluminum oitride powder is 0 
.1-10 mm, preferably t~5 mm. If perforated aluminum tube is a s e d in this 

invention, the perforated aluminum tube may be an integrally formed tub 
e having a plurality of pores in the tube wall. A 1 t e r n a t i t e 1 j , the perfo 
rated alimiiuc tobc may be made by first forming an aluminum tube and th 
en perforating the tube. The perforated aluminum tube may be formed by w 
ioding a layer or multiple layers of aluminum foil. The perforations of 
the aUmiDBQ tube can be formed before or after the winding. The height 
'of the perforated aluminum tube is determined on a basis of the height o 
f the ieactaot po\»der. Whet the perforated aluminom tobe is installed, t 
he bottom of the aluminum tube is disposed on the bottom of the aluminum 

coitainer, and the top end of the aluminum tube protrudes from the top 
surface of the reactaot powder. When the perforated aluminum tube is ise 
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d for producing aluminum nitride powder in this invention, the inside d i 
araeter of th a 1 am i q u m tute ranges from 1 ram to half of the inside diame 
t e r of the a I u m i d o m container, preferably from 2 to 5 m . The thickness 
of the a I unicorn tube flail is 0.01-0.5 mm, preferably 0.05-0.2 mm. The to 
be wall thickness is determined by the condition that, when the surround 
ing reactant powder presses the aluminum tube until the aluminum tube ca 
n not ventilate, the reactant powder can be caused to combust completely 

so as to produce alomimm nitride. The diameter of the perforations in 
the lobe wall is 0.001-1.5 mm, preferably 0.05-1 mm- The density of the 
peif orations (the ratio of the total area of the perforations to the tub 
e wall area) of the tobc wall is 1-50% (preferably 5-30%). The number of 

the alarninum tubes used in the intention is not limited, provided that 
the total sectional area of the a 1 urn i nam tibe is 1-50% of the sectional 
area of the aluminum container. 

The purpose of adrfiog aluminum nitride powder is to further reduce the m 
olteo aggregation between the bottom of the alumioim container and the a 
fiminnti containing powder. The design of the perforated aluminum tube is 
to facilitate nitrogen Mowing upward from the bottom toward the reacta 
nt . 

Step (d) Adding tbe initiator: 

The initiator is disposed on the reactant. The initiator is ao aluminum 
powder or a mixture formed by at least one of the materials selected fro 
"rn the group consisting of: 

(i) tbe diluent used io step (b) ; 

(ii) the additive osed in step (b) ; 

(iii) iodine; and 

(iv) a miitare capable of high exothermal reaction, e.g., Ti+C, A 1 +F € 3 0 4 



*(27)!0 0 3- l 2 8 9 5 6 (P 2003-128956 A) 

, AI+Fe , Ni+Al, etc 

The anooDt cf the material selected from the aforesaid group is Q.Oi-HO 
wt% (preferably fl. 05-60 wt%) based od the weight of the initiator. The 
amount of the initiator is selected so that the thickness cf the icitiat 
or after disposal on tie top sarface of the reactaot is 1~3Q mm preferab 
ly 2-20 mm). The purpose of adding the additive is to reduce the molten 
aggregation of aluminum powder on the top surface of the reactaot, or to 
decrease the time for ignition, and to reduce the nolten aggregation of 
aluminum containing powder. 
Step (c) Forming a nitrogen atmosphere: 

The aluminum container containing the reactaot therein is disposed on a 
perforated bottom plate within a reactor made of ceramics of high roeltio 
g point. The reactor is then purged with nitrogen through a pipe connect 
ed to the bottom cf the reactor. The reactor is resistant to high presso 
ic. The nitrogen pressure is regulated between 0.1 and 30 a tins, prefeiah 
1; between 0.5 and 16 atms. The function of the perforated plate is to i 
n c r e z s e the rate of litrogen entering into the reactor so as to i n c r e a s 
e the reaction rate. 
Step (f) Combustion: 

The aluminum powder is 5 e II - c cube s t e d via heating of a heating component 
disposed above the reactaot and/or the initiator. The heating component 
is selected from tuegsteu filament, tungsten sheet, graphite, silicon c 
-aibide, bariim siiicide, chrome 1 filament, and tantalum filament. Altern 
at'ively, the heating may be conducted via laser, infrared radiation or m 
icrowave. The top surface of the reactaot should be heated to a temperat 
ore rangiig Irum 700 to 1700°C so as to conduct the s e I f -combi s t i on of a 
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1 1 mi n um powd e r . 

Step (?) Sy n t he s i x i a g alomioim nitride predict: 

The product from step (0 is cooled, and is then crushed to form a crude 

1 1 ami nam o i t r i d e povde i . 
The aUminuii nitride powder so produced can be optionally washed with ac 
id or heated at a terapeiatnre from 600 la HOO°C coder a nitrogen atmosp 
here so as to remove the residual alimioum- 

The surface of the aluminum nitride powder so produced is treated with a 
cy one of the following chemical treatment processes: 

(A) grinding the crude aluroiuom nitride powder, a surface modifier a b d a 
solvent capable of solving the surface modifier in a mill so as to resu 
It in a paste, separating the treated aluminum eitride povder from the p 
aste, and drying tie treated aluminum nitride powder; 

(fi) grinding tbe aluminum nitiide powder, mixing- tee ground aluminum nit 
ride powder with a surface modifier and a solvent capable of solving the 
surface modifier by stirring sc as to result in a suspension, separatii 

g tbe treated aluminum nitride powder from the Suspension, aid drying tfe 

e treated aluminum nitride powder; and 

(C) grinding the aluminum nitride powder, blending tbe groiod ainminim n 
itride powder with a surface modifier in a blender so as to resilt io ft 
akes, and further grinding the flakes. 

The Sirface modifier iseful in this invention incltdes hydrophobic group 
s and is selected from the following: 

(a) fatty acids of high carbon number: for example, stearic acid, oleic 
acid, etc; 
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(b) waxes: steatic acid wax, d 3 1 n r a 1 wax, etc.; and 

(c) resias: for example, epcxy resin, po I y o r e t b a oe resin, silicone resin 
, polyester resin, phenolic resin, etc. 

If tbe aforesaid chemical treatment process (A) is used, the surface mod 
ifier cai be selected from fatty acids of high carbon number, waxes or r 
esins. If tbe aforesaid chemical treatment process (B) is ised, tbe Serf 
ace modifier can be selected from waxes or resins. If the aforesaid chem 
ical treatment process (C) is estd, resias are preferably used as the so 
rface modifier. When resins are tsed for the surface modifier, a suitabl 
e amount cf coupling agent can be added during tie reaction so as to cnb 
aice the adhesivlty of the surface of the aluminum nitride powder and to 
increase the interface strength between alaminum nitride powder aed res 
ins. In addition, a curing agent and an accelerator may be added to the 
resin-type sorface modifier dmiig tbe reaction so as to enhance tbe ccr 
iog rate. Heating is also conducted during the blending step so as to pa 
r t 1 x cure the resio and to ensure that the aliraioum nitride powder is co 
ated with resin. Tbe temperature for heating varies according to the sur 
face modifier and curing agents. Generally, the heating temperature rang 
es from SC to For example, when o-cresol novclac epoxy resin is o 

sed as tbe sorface modifier, phenol novclac is used as the curing agent, 
and Ph 3 P is used as the accelerator, the beating temperature may range 
from 100 to 200°C, preferably from 120 to 180°C. 

-Tbe solvent siitahle for tbis iorentioe is selected from methyl ethyl ie 
tone, acetone, ethane! ? ether, isopropanol, benzene, dimethyl form amide 
(DMF) f or N , N-d irac t h y I aeetarnide (DMAC) . The amount of tbe surface modif 
ier varies according to the types of the solvent and the surface mcdifie 
r. In the aforesaid chemical treatment process (A), tbe amount of the su 
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rfact modifier is 2-50 wt% based on the total weight of the surface modi 
fier a d d the solvent. In the aforesaid chemical treatmeot process (B) , t 
he amount of the surface modifier is 5-80 wt% based on the total weight 
of the surface nodi tier and the solvent. 

The coupling agent useful ii this invention is selected from vinyl tritt 
hoiy silane, amiio propyl triethoiy silane, 7 -glyc idoxypropy I trimetbox 
y silaoe, or mercapto trimetboiy silane. The coupling agent (i.e., silao 
e) is bydrolyxed to lorn a bvdroiyied coupling agent (i-e. silanetricl) 

by adding droplets of deionized water. The bydrplyzed conpling agent is 

then added into the aluminam nitride pewder, and the algaioum oitride p 
owder coated w i t the lydrolyxed coipliog ageot is b I e a d e d with the surf 
ace modifier and the solvent. The coupling agent is applied via a direct 

adding method or a solution method. The amotnt of the coopling agent is 

0.1-8.5 wt% relative to the aluminum nitride powder. 
The curing agent osefel ti this invention is selected fx on amines, acid 
anhydrides, or phenols. Tie accelerator useful in this Indention is selt 
cted from amines, imidazoles, o r g a n o ph o s p h i n e s ? ureas, Lewis acids, or 
combinations thereof. The amount of the cur i ■ g agent varies according to 

the types of the curing agent and the surface modifier, and is preferab 
ly 30-60 wt%. The amount of the accelerator varies according to the type 
s of the curing agents, and is generally 0.1-1 wt%. 

The mill useful in this invention is selected from an agitation type bat 
-1 mill or a placetary type ball mill. The mill ball is a ceramic selecte 
i from alumiiom oxide, iircoaium oxide, alnrcinum nitride, silicon nitrid 
c f cr toQgstcn carbide. The blender is selected from a single-screw eitr 
nder, a twin-sciew extrtder, or a roller mill. The drying method usefii 
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in this inveation is selected from precipite separation drying, spray di 
y i n g , v a c a n m djyisg, f r e e i e drying, or fluidized bed filtration drying. 
The aforesaid chemical treatment processes (A), (B) and (C) cas be forth 
er classified into processes (Al)-(A4} f (Bl)-(B9) and (Cl)-(C4), respect 
ively, which are described in detail as follows: 

(Al) : Corame r c i a I i y available aluminum nitride powder, the surface modifi 
er and the solvent capable of solving the Surface nodifier are mixed and 

agitated directly. Then, the treated aluminum nitride powder is separat 
ed from the liquid phase, and dried so as to obtain the alimisaiu nitride 

having superior noistore resistaoce. 

(A2) : The aluminum nitride powder is coated with a coupling agent osefol 

in this invention, and the coated aluminum nitride powder is mixed and 
agitated with the solvent and the surface modifier. Then, the treated al 
uroioum nitride powder is separated from the liquid phase, and subsequent 
]y dried so as to obtain the modified aluminum nitride laving Superior m 
oisture resistance. As described above, the coapling agent may be added 
by the direct adding method or the solution method. 

(A3); The alominum nitride powder, the solvent, the r«sin used as the so 
iface modifier, the caring agent, and the accelerator are mixed, beating 
and agitated. Then, the treated aluminum nitride powder is Separated fr 
om the liquid phase and dried so as to obtain the modified aluminum nit 
ride having superior moisture resistance. 

"[AO: Same as (A3) eiccpt that tie aluminum nitride powder is coated wit 
fc a hydrolyied coupling agent in advaace. 
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(Cl): The aluminum nitride po.wdeT is mixed with the resin Sorface modi f I 
er. The resulting raixtue is blended in a mill so as to obtain a plate-1 
ike substance, which is then groood in a grinder to obtain the modified 
aluminum nitride having soperior moisture resistance. 

(C2) : Substantially identical to (Cl) , except that the alnminum citride 
powder Is coated with a hjdrolyzed coupling » r e d t before blending. 
(C3) : Substaitial ly identical to (Cl) , except that the coring agent and 
the aceelentor are added in the blender for blending with the mixture 
(C4) : Substantially identical to (C2) , eicept that the coring agent and 
the accelerator are added in the blender for blending with the mixture. 
In processes (Al)-(A4), the grinding and a a t i -mo i s t u r e treatments are en 
ndscted simnltaoeonsly, and the soltent is added daring the grinding and 

a a t i -mo i S t u r e treatments. Therefore, the treated alominom nitride powde 
r ? hoi 14 be separated from the liqiid phase, and then dried so as t<i obt 
ain the inienti?e codified alnminum nitride having Superior moisture res 
istance. Scl?ent is not used in processes (Cl)-(C4). In the processes (C 
l)-(C4), alomintim nitride powder is blended with resin used as the surfa 
ce modifier directly in a blender to form flakes, which are then ground. 

In the aforesaid processes, since the grinding and a n t i -ran i s t u r e tieatm 
ents are accomplished in one step, the processes aTe simplified and the 
cost thereof is accordingly reduced. Fu r t he rmo r e , since bonding between 
the ground alominnm nitride powder and the sorface modifier is formed be 
fore the alnnioom nitride powder comes into contact with air or moisture 
, the modified aluminum titride powder so produced has superior mti-moi 
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stmt property. 

Aluminum nitride powder produced by stotbesizing is in a I urn t c ua contain* 
r is used i o the aforesaid chemical treatment process (B) . The chemical 
treatment process (B) can be iurther classified ioto the following: 
(Bl); The process is substantially identical to process (Al) except tbat 
the a I ptd i nurn nitride powder produced by synthesizing io an aluninom con 
taicer is osed. The aforesaid coarse-grain aluminum nitride powder, sclv 
eat and at least one surface modifier are mixed to form a mixture. The « 
ixtnre is then gjound and stirred in a grinder. The treated aluminum nit 
ride powder is separated from the liqtid phase, and then dried to prodoc 
e the modified aluminum nitride powder having superior a a t i -mo i s t a r e pro 
perty. 

(B2) : The process is substantially identical to process (Al) except that 
the coarse-grain aluninom titride powder produced by synthesizing io an 
alimiocm container is used. The coarse-grain aluminum nitride powder is 
ground to have a specific particle sise, and is then stirred with a sol 
reol and a surface modifier, followed by separation and drying. The spec 
ific siae of tie aliminao nitride powder is determined depending on the 
subsequent processing. Any suitable grinding equipment knows in tie art 
can be used. Tie non-liraitiog examples of the griodicg equipment include 
crasher, jaw crusher, chopper, ball mill and percussion grinder. The si 
re of the ground aleraiaum nitride is generally 5-100 mm. 
-(B3): The process is s u b e t a n 1 1 a 1 1 y identical to process (A2) except that 
the coarse-grain aluninim nitride powder produced by syn t he s i i i ng in an 
a 1 ami num container is osed. 
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The surface modifier tsed in the aforesaid processes (Bl)-(B3) is not s p 
ecifically limited and can be selected from any ooe of fatty acids of hi 
gfa carbon number, vaxes 2nd resins. 

(B4): The process is substantial ly identical to process (B2) except that 
the coring afent and the accelerator are added ioto the reactant and t h 

at the reactaut components are mixed under teat and stirring. 

(B5): The process is substantially identical to process (B3) eicept that 
the coring agent and the accelerator are added into the jeictaot and th 

at the reactant components are mixed oncer beat and stirring. 

(B6) : The process is similar to process (Cl) except that the coarse-grai 

n alaminnm nitride powder prodoced by synthesizing in an aluminum contai 

ner is ground to have a specific particle size and is then nixed with a 

resin serriog as the Surface modifier. 

(El) : The process is identical to process (BS) except that the ground al 
ami nam nitride powder is coated with a iayer of cod p I log agent, and is t 
hen blended v i t k the surface modifier. 

(B8) : The process is identical to process (B6) except that the curing ag 
eit and the accelerator are added into tbe reactant. 

(B9) : The process is identical to process (B7) except that the curing ag 

ent and the accelerator are added into the reactant. 

Preparations: 
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Preparation of Cnde Aluminum Nitride Powder by SjLtbesiziag in an Alimi 
oim Coots i oci 

Aluminam fail sized 31.4cm x 15.2 cm % 0.05 cm was wound around a cyiind 
rical mold tbat is 50 nm in diameter and 20 mm to length to form aft alotn 
inum container having two open ends. 

Referring to Figure I, the aluminum container 11 was disposed on a perfn 
rated plate 12 made of graphite. Aluminum nitride powder haviag an avcra 
ge particle diameter of 1 mm was placed at the bottom of toe aluminum co 
ntainer 11 to heap up to a height of 10 mm. 700 g cf aluminum pnwder (av 
erage particle diameter: 40 jum) in flake shape was poured into the alum 
inura coBtaioer. 25 g of the same aluminum powder was mixed with 25 g of 
aluminum nitride powder to form a mixture tbat serves as the initiator w 
hich was then disposed on top of the aluminum powder. The height of the 
initiator wa s 5 mm. 

The aluminum container 11 together with the perforated plate 12 was disp 
osed within a pressnre-res is taot vacuum reactor 13. The reactor 13 was 
regulated so that the distance between the top of the initiator and tang 
steo~fi lament 15 was 4 mm. The reactor 13 was sealed, and was then vacua 
and by vacuum pump 16 to a pressure of 9.1 toir. The reactor 13 was purg 
ed with nitrogen via valve 17 to a nitrogen pressure of about 1 atm. The 

vacioning and purging processes were repeated three times so that the n 
itrogen pressure within the reactor 13 was 3 atm. The power (not shown) 
was turned do, and the heating efficiency was coitrolied at 1200 W. Nitr 
ogeo valve 18 installed under the bottom of the reactor 13 was opened so 

that nitrogen flowed into the reactor 13 via valve 18, passed tbroigh t 
be reactaot and flowed oat of the initiator. The s e 1 f - comha s t i on cccurie 
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ri alter a heating period of about 60 seconds. The power was iheo turned 
off. NitTogen was supplied continuously via valve 18, 2nd the flow rate 
of nitrogen was controlled at 50 l/sec. The pressore within the reactor 
13 was maintained at 3 atra. The reaction time was about 10 mins. 
During the reaction, the heat generated from t nogs ten- f i 1 amen t 15 was tr 
ansmitted from the top surface of initiator toward the bottom of the alu 
minora container II, and nitrogen flowed into the reactant throigh the bo 
ttora of the aluminum container 11 and the peripheial wall of the reactor 
13. When the combustion wave generated bj the tuags ten-f i lament 15 adva 
need through the reactant within the aluminum cootaiie: 11, ibe desired 
aluminum nitride product was left behind. The a luminals nitride product w 
as cooled for about 10 mins after the reaction was completed. A release 
valve 19 was opened so as to reduce the pressure within the reactor 13 t 
o 1 atm. The reactor 13 was then opened, and the aluminum nitride prodac 
t was taken out of the reactor 13. 

The afiffiiium nitride prodict so produced was then ground isiog a piaoeta 
ry mill (rotation rate = 400 rpm, grinding time 3 20 mins, the diameter 
of mill hall (zirconium oxide) = 5 nm) to obtain an aluminum nitride pow 
der having a particle diameter less than 10 ptm. Djq (determined by pari 
icie size analyzer) of the grouad aliaiion nitride powder was 5//n, The 
grouud aluminum nitride powder was analyzed by X-ray diffraction to show 
a strong characteristic peak of alominim nitride. No characteristic pea 
-k of alenioom was observed. The conversion of the produced alnmioum nitr 
ide powder was about 99.9%. The oitrogea content and the oxygen content 
were analyzed to be 33.2% aod 0.8%, respectively. The surface area (dete 
Trained bj BET (Brinne r-Emmet t-Te 1 I er method) of the produced aluminum ni 
t r i d e powd e r was 2.3 m V g . 
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50 0 g of tbe produced aluminum nitride powder and a stearic acid solotio 
n in acetone (molar latio of steal i c acid : acetone = 1:1) were stirred 
(or 3 hoars io a beaker having a magnetic stirrer thereii to obtain a s u 
specs i c n . The suspeasios v a s filtered ria suctioning to obtaio a powdery 
body, which was ttica dried in a Tacuora drier at 8S°€ so as to obtain th 
e alomiiura nitride powder product baring a d t i -mo i s t u r e property. The a I o 
minum nitride powder prodoct was placed in pire water at room temperator 
e for 72 hours, and pH of the water was determined to be 8,52. If alimin 
on nitride powder without surface treatment is used for testing, pll of t 
be water was Uood to be 10.06. An iicrcased weight test was conducted f 
or 50 hours in an environment having a temperature of 85°C and a relitiv 
e humidity of 85%. The increase in weight was 0.65 wt%. Tie powdery prod 
tet was Tiewed using a transmission electron microscope to show a coatia 
g thereon. Therefore, it is demonstrated that tbe aluminum nitride powde 
r product has a b I i -mo i s t c r e property. 

Instead of being ground by a planetary grinder, the erode aluminum nitri 
de prodoct may be crushed by a crusher to obtaio the aluminum nitride po 
wder having a particle diameter of 300 pm. Then, 500 g of the aluminum 
nitride powder so produced and 2.5 wt% of stearic acid solution in aceto 
ne weie added into a stirred ball mill. Tbe diameter of tbe mi I i ball is 
5 mm. The weight of the Zirconium oxide mill bill was 1700 g. Tbe grind 
iog time was 40 mine. The grinding rate was 550 rpm. The aluminum nitrid 
-e powder was filtered and dried as described above after grinding. The a 
foresaid analysis methods were conducted. D 55 wis 10 ^n. pH ralue was 8 
.2. The increased weight ratio of the powder was 0.6 wt%. A coating wis 
iormed oa the powder. Therefore, it is demonstrated that the aluminum ni 
tride powder product has as t i -mo i s t n re property. 
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Preparations 1-3: 

Pare aluminum powders were used in the preparations. The aUmioom contai 
ner, reactant and ottiogeD pressure used io the preparatioas are shown i 
n Table 1. 



Table 1: 



Pnep.f 


AlnrriiTiiTi container 


Walght and 
dtenstlty of 
reactant 


Nitrogen 

pressure 
(atm) 


<*) 


Color 


1 


Perforated, dia. = 
0.05*0. 5 ion. 
peecforafr'tnn area 23 
30% 


50 g 
0.S5 g/caP 


2 


91 


Gray, wblte 


2 


Perforated, <Ua. = 
0.1-1 mra, 

perforation area = 
309 


100 g 
0,55 gA*? 


3 


92 


Gary, wt*ite 


3 


Nan-perforated 


100 g 
0.92 g/caP 


5 


80 


Darit grsy 


4 


Perforated, dia. =■ 
0.1-1 mm, 

f ftj'ff"**^'^ nri area 
30%. perforated 
aJiMlllHP tube are 
^MbBj|p08Cfl fcllBflPBd P 


200 9 
0.5S g/cn? 


3 


99.2 


Yelilowisfa 

QCQDgB 


5 


Perforated, &La~ = 
0.1-1 am, 

perforation area ~ 
30%. alwinnn 
nlfrdde powder layer 
of 3tom in tMctaess 
is disposed between 
ToarAaat oncl 
aliMrimm OOPtfcaiPCX 
wall, perforated 
jiTtufmm tufa& axe 


2O0 g 
0.55 g/cnP 


3. 


99 


Yellowish 
Oranges 



The aluminum powder used lo the preparations was in s form of flakes. Ap 
crtnre D 5 q was aboe t 40 j*m, Thickness was 0.1 /*m. Purity was 99% Oiyg 
ec anoint was 0.5%. Aloniaum contai ner was formed io a cylindrical shape 
and provided wttk bi opening. The container thickeeu was 0.0254 mm. Tb 
e reactant was added into the alumioaa container. Then, the ainmintn con 
taiier with the reactant therein was disposed within a high piessore-res 
istant vacuumed rtactor, and was subsequently purged with nitrogen to th 
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e operating nitrogen pressure shown in Table 1. The top surface of the a 
luminum powder was heated by t c n % s t e o - 1 i t ame n t till combustion. The heat 
-supplying power foi the preparations was 1800 W. Ignition time was 60-L 

00 sec. The reaction time was 3-6 ffiio. Tbe reaction tine varies depend to 

1 on the nitrogen pressure and/or the reactant density. The oiygen coote 
ot of tbe prodnct was 0.6-0.9 wt%. The combustion product was ground, an 
d then analyzed by X-ray diffraction to show that the main component of 
the product is aliminum nitride. 

Preparations 4 & S : 

Pare aluminum tube was nsed as the reactant. An aluainim nitride powder 
was disposed around tbe aluminum tube, or perforated alumintm tubes were 

disposed in the aluminum tube. The opexatiog conditions of Preparations 

4 and 5 were substantially identical to those of Preparation 2. In Prep 
aration 4, seven perforated aluminum tubes were disposed in the reactant 
. Each of tbe perforated aluminum tubes was 0.025 mm in wall thickness, 
5 mm in diameter, 0.05-1 mm in aperture diameter, and 50% in perforation 

area. The operating conditions of Preparation 5 were substantially iden 
tical to those of Preparation i, except that a layer of aluminum nitride 

powder (thickness of 3mm) was disposed between the reactant and the bot 
torn wall of the container. The apertire diameter of the layer of alanine 
m nitride powder was 0.5-3 mm. The ground product was aoalyaed by X-ray 
diffraction to show that the main component in the product is aluminum l 
-i t r i de . 
Preparation 6 : 

Pure aluminum powder was nsed as the reactant, and nitrogen was supplied 

from tie bottom ol the aluminum container. Tbe aluminum container, tbe 
reaction conditions and tbe conversion for the preparation are shown id 
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Tabic 2. 



Table 2: 



Prep.# 


Aluxdjoom container 


Perforated 
plate 


Weight and 
Density of 
reactant 


Trie pressure anil 
flow rate of 
nitrogen 


Conversion 
(%> 


6 


Perforated, 
till rime ss : 0. 06uih, 
Diameter: 10cm, 
Hel^trtr 14 cm 


Xtttfaord 


800 g # 
0.53 g/W 


2 atm 
30 1/ndn 


99.5 



Id tbis p r e p a i a t ion, the power for heating was 2 0 0 0 W. The ignition 
was §0-100 sec- Tbc reaction time was 10-15 mins. The color ef the 
net a f t e i combustion was yellowish orange with a minor white at tbc 
phery of the product. The product was analyaed by X-ray diffraction 
bow that the product is alominon nitride powdei. The oxygen conical 
be prodnct was 0.7-0.8 wt%. 
Preparations 7~8 : 

Pare aiumintm powder added with a diluent was used as the reactant. 
leactant, the operating conditions for the reaction, the properties 
he prodnct, and t b e conversion are shown in Table 3. 



Table 3: 



Prep.* 


RBBct&nt 


Weigfat and 
Density of 
reactant 


Pressure and. 
flow rate of 
nitrogen 


Color 


Qnygen 
aaount {%} 


Ccnrveraran 
<*) 


1 


50wt% of 
Al+50wt* of 
MA 


700g 
0.85 g/car 1 


2 atm 
80 1/mln 


White 


19.1 


99.2 


8 


70WW Of Al ■* 
3CHft% of 

nirrloe 


400 g, 

0.75 a/cm* 


3 artm 
0 1/mAn 


Yellowish 
white 


0.9 


98.7 



t ime 
prod 
peri 
to s 
of t 

The 
of t 



The alum in am container osed io Preparation 7 
thickness thereof was 0.05 mm. Nitrogen was 
the container. The perforated plate used in 



was non-perforated, and the 
supplied from the bottom of 
Prepira lino 7 was the same 
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as that osed ii Preparatioc 6. The p a t t i c I e distribution of the diluent 
used id tbe preparation was as follows: a i um i n una nitride; 0.1-2 ran, AlgO 
j: 0.01-0.5 mm, SiC: D 5 ^ ^ — 2 //m, SigN 4 : q — 3 jum. Heat supplying power 

is 1200 W. Ignition time was 20-40 sec. Tie higher the diluent amount, 
tbe shorter will be the ignition time. The related operatiag conditions 
and the resell cf the reaction are shown in Table 3. The ground product 
was analyzed by X-ray diffraction to show that tbe product is aluminum n 
itride. No characteristic peak of aluminum was detected. 
lc Preparation 8 r a layer of aluminum nitride was disposed around the re 
actant, aod perforated alomiuaffi tubes were disposed ii the reactant. The 

characteristics of the aluminum nitride layer and the perforated a J uzn I a 
um tube are the same as those io Preparation 5. Tbe other operating cond 
itiens aod the resilt are shown in Table 3. The ground product is shove 
to be aluminum nitride, and the color thereof is yellowish white. If oei 
(her the perforated alunioun tube nor tbe aluminum nitride layer is osed 

in Preparation 8, the color of the product is gray white or fight brown 
. The coiversicn of the product decreases (about 95%). 
Preparat ions 9-10: 

Pore aluminum powder added with additives is used as rcattaot. The other 
Teactaois and the operating conditions are shown in Table 



Table 4: 





Reactant cjanpoeifcLan 
<wt%) 


Wsiylit and Density 
of iBactant 


Pressure and £Xow 
rote of nitrogen 


CoovwrsJ.QD 
W 


9 


99.5 wt% of nl minim + 
0.5wt% of IfH^d 


600 9. 
0.63 g/cnP 


2 <rtm 
50 1/hdn 


99.5 


10 


99.5 wt% of almtnm ♦ 
O.Swtt of KHA 


500 g, 
0 .6 a/on* 


3 otm 
0 1/raln 


98.9 



The operating coiditiois ased in Preparation 9 were identical to those n 
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s e d i fl Preparation 6. The operating conditions different from these ised 

in Preparation 6 and the result of Preparation $ arc shown in Table 4. 
Tbc power for beating was 1200 Ignition time wis 10-20 sec. Reaction 
time was 5-10 rain. The predict after combustion is yellowish brown. The 
grotod product was analyzed by X-iay diffractioB to show that the proricc 
t is alaoinnm nitride. No characteristic peak of ilnmiauD was detected. 
The cperatiag cooditions used in Preparation. 10 were substantially ident 
ical to those used in Preparation 4. The operating conditions for Prepar 
ation 10 different from those for Preparation I and the result of Prepar 
ation 1 0 are showa in Table 4. The morphology and tbc color ol the proda 
ct in Preparation 10 are identical to those io Preparation 9. When neitb 
er aluminum titride layer nor perforated alnminom tube is osed i c Prepar 
ation ID. the product contains non-reacted aluminum via the X-ray diffra 
ctioo ataljsis. The conversions are 96.2% and 95.0 t respectively. 
Pr eparat ions 11-12: 

Pare aluminum powder was nsed as the reactant. Initiator was also used i 
q the preparation. The other operaiiag conditions and the rcsilt are sLo 
wi ii Table 5. 



Table 5: 



Prep.# 


Initiator 
ccnyodxlcp 


Of 

Initiator 


Weight and 
density of 
react ant 


Pressure and 
flow rate of 
nitrogen 


Oxygen 

tXTJOUUt 

(wt*) 


Conversion 
(%) 


ll 


99wt%ofAl+lwt% 
Of POI4CI 


3 sn 


500 g 
0.6 g/cnf* 


3 artra 
60 1/ntin 


0.67 


99.4 


12 


50wt% of Al + 
SOwt% of 

nltnlde 


5 m 


750 g 
0.53 g/osnP 


3 otm 
50 X/mia 


0.53 


99.9 



The aluminum powder ised in Preparation 11 was 99 wt% io parity, End the 
ouyjeo content thereof was 0.5 wt%. The alumioom powder osed in Piepara 
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Moo 12 was 99.7 wt% ia purity, i c d the cxygeo content thereof was 0.1 w 
t%. The power for heating was 1200 W. Ignition time wis 10-20 sec. The c 
olor ol the combos i ico prodect is yellowish brown. The groood product is 

aluminum oitride via X-ray diffraction, analysis. 
Examples: 
Ei amp 1 e s 1 -4 : 

Grinding sod surface treatment of powder were conducted simultaneously i 
n the examples. Aluminam nitride sources, surface modifiers and solvents 
ased in the examples were different. The aliaainum oitride powders used 
in the examples come from two soarces, one being commercially available 
aitminum nitride powder, and the other being the aluminum oitride powder 
prepared as hereinbefore described. The aluminum oitride powder prepare 
d as hereinbefore described was groood sock that the diameter D 50 of the 
aluminum litride powder was 20 jut m . The commercially available aluminum 
nitride powder was obtained from Advanced Refractory Technologies (ART) 
(Crade « =A 5 00-FX15 0) , and the D 5(3 thereof was also 20 /im. 
Aluminom ittiide powder and 170 g of g r i n d i o g medium formed of the sirfa 
ce modifier aod the solveot shown in Table 6 were added to a stirred ba 
II mill. The ball mill contained 1 7 0 0 g of jirconi&in oxide (diameter = 1 
mm) as mill balls for grinding. Grinding was conducted by the ball mill 
at 550 rpm for 40 mio to form a paste. The paste was evaporated under r 
ednced pressure, and then dried to obtain a powdery product, which was a 
-aalyxed using a particle size analyzer to show D 50 = 1.2 /*m« The moisto 
re resistance of the product was measured by the hydrolysis test describ 
ed hereinbefore. The alininum nitride source, the surface modifier and t 
he solvent used in the examples and the moisture resistance of the produ 
cts obtaiied in the examples are shown in Table 6; 
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Table 6: 





source 


(wt*> 




PH value (25 u. 
after 72 hour 
hydrolysis] 


1 


Prep. 4 


Stearic add 
(5 wt%) 


Acetone 


8.21 


2 


ART 


Natural wax 
(3.5 wt%) 


Ethanol 


8-3 


3 


Prep. 6 


O-cxesol Dovolac egpoocy 
(6 wt%) 


Methyl ethyl 
ketone 


8.2 


4 


ART 


Stearic add 
(5 wt%) 




6.1 



Eramples 5-6: 

Tbe sirface treatment of aluminum nitride powder was conducted via a sol 
itioD raethad. The aluminum nitride powder source, tbe surface modifier a 
nd the solvent used in the examples are sbowc in Table 7. The aluminum d 
itride powder soirees used in tbe examples were either eomme r c i a I I y aval 
(able or prepared as described hereinbefore. was 1.2 ptm for tbe a I o 
mi n b m nitride powder prepared as described hereinbefore. 3)^q was 1,6 /am 

fox the commercially available aUoiocE nitride powder (Grade A - 1 0 0} 
. 75 % of aluminum nitride powder and a solution formed of the surface m 
o d i f i t r and the solveot were stirred in a beaker having a magnetic stirr 
er therein for 3 boirs to obtain a suspension. The sispensioo was filtra 
ted by section filter to obtain a treated aluminum nitride powder, which 

was thei dried onder Tacaam at 150°C fur 3 hems to obtain the surface 
treated alornianra nitride powder prodoct. The moisture resistance of the 
'product was measured by the hydrolysis analysis described hereinbefore. 
The result is shown in Table 7 : 
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Tafcle 7: 



E*. # 


Aliiwlrmn VHtriae 
Soured 


Surface MxUflex 


Solvent 


pH <80t. after 20 
hour hydrolysis) 


5 


Pxtip. 1 


Stearic add vox 


Aoetane 




6 


ART 


O-cresol covolsc 


ftettiyl ettayl 
ketone 


8.5 



txample 7: 

Alnminum nitride powder synthesized in Preparation 3 was mixed under sti 
rring with lydrclyzed silane, dried, and then further mixed onder stirri 
ag with a sirface modifier solition formed cf a resin, a coring agent an 
d a £ accelerator in a beaker fcr 3 tours to form a suspension. The sispe 
osioD was filtrated by suction filer to obtain a treated alnminum oitrid 
e powder, wbick was then dried to a vacoam oven at 180°C for 3 hoirs so 
as to cure tfce resin coated cn the treated aluminum nitride powder. The 
result of the example is shown in Table 8. 



Table 6; 



EX. # 


nitride source 


flbTrfnor; modifier (xt %> 


Solvent 


Ffl (8at * after 
20 hour 
iiydrolyBio) 


7 


Prep. 3 


O-craool ocrvolac apaxy (4 
wt%) + Phenol novolao [2.1 
wt%) + VhJ> (0.045 wt%> 


Acetone 


B.3 



Example 8: 

The procedure in Example 7 was repeated except that the treated a 1 a m i n tr m 
nitride powder was dried in a vacuum oven at 80TJ for 1 boor so as tn p 
artially core the resin coated on tbe treated aluminum nitride powder. W 
ben tbe treated aluminam nitride powder is mired with other poljmer mate 
rial to produce a composite material, since the treated aUmioum nitride 
powder still contains unxescted f u n c t i o n a 1 i t y , it can foro a bonding wi 
th the polymer. 
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Ex imp 1 c s 9H0: 

The sirface treatment of aluminum nitride powder was conducted bj coat id 
g tbe powder with a silase coiling, followed by i treatment via a scloti 
cd method. The aluminum nitride powder used in tbe examples was either c 
emme r c i a 1 1 p available a I om i b um nitride powder or a 1 1 m i n un aitride powder 

produced as described he x e i o be f c i e . Djq was 1.2 jum for tbe aluminum ni 
tride powder as produced. was 1.6 pm for tbe c orane r c i a I 1 y available 

aluminum oitride powder (Grade: AMQQ). The procedure in Example 7 was 
repeated except that the alnmioDm oitride powder was coated with hydro I y 
sized silaoe, before the moistire resistance treatment. The aliminuB nit 
ride sources, curing agents, coating methods, and tie moisture resisUoc 
e of the examples are shown in Table 9. The result shows that water-rcsi 
stance increases when tbe alnnioon litride powder is coated with tbe cod 
pliag ageit before tie Surface treatment. 



Table 9: 



EX.* 


ftlaaadnon nitride 

BOQD0O& 


Coupling agent 
(wt%) 


OtooitJUB^ rooCbofl 


X« (251C, after 
72 hour 
by^JrcGtysis ) 


9 


Keep* 1 


f- glycrijdbocypcropyl 
wt%) 


Direct addition 


8-1 


10 


ART 


f amino propyl 
trioiiicaiy nil ana 


Solution 


8*03 



Examples 11-13: 

The surface treatment in the examples was conducted by milling. The alum 
tDoo oitride powder soorces used in the examples were either commercial! 
j a t a i 1 a b 1 e or prepared as described above. was 7.2 /4m for the alum 
it urn nitride powder as prepared above. was 10 //m for the commercial 

ly available aluminum nitride powder (Grade *. A 500-FX5Q) . Id the examp 
les, 100 g of aluminum oitride powder was mixed with the surface modifie 
r in a mixer for 1 hour to form a mixtire. The mixture was milled io a r 
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eller-type mill it 120°C. T K c rail ! i o g was repeated till a homogeneous mi 
iure was obtained . The sheet product from 1 1 e mill was crashed by a era 
sher, and then ground into powder by a grinder. The alarainnm nitride sou 
rces, the sirface modifier, and the moisture resistance oJ the examples 
are shown i b Table 10. 



Table 10 2 



eh, f 


AXun&nun nitride 
source 


Surface mrxtiflpr 
(wt%> 


PH (30lC, after 20 
bcur ttyflroGLyBis) 


11 


Prep. 9 




8.55 


12 


PSKS 


anhydridB (2 wt%) ♦ Pb£> (0.4 vt%) 


6.2 


13 


Prep. 10 


O-cxesol novolac cpobst (25 wtft) 





Examples 14-15: 

The procednre in Example 12 was repeated except that the aluminum nitric 
e powder was first coated with a layer of coupling agent. The alumioona 0 
itride source, caring agent, coating method and meisture resistance of t 
he examples are shown in Table 11. 



Table 11: 



Ex # 




<wt%) 


Oo&t~lng WBtSxA 


PH (2Sfc, after 
72 hour 
bycbraSyais J 


14 


Prep. 11 


N&CCflptO— tTlflD&tliOKy 
KLLane (0.5 wt*) 


Solution 


1 7.9 


15 




amino propyl trietfaaxy 
sllane (1.5 wt«) 


Dttrect Additico 


7.63 



In Yiew of the aforesaid, io the invent ire method for mannfactiring atom 
in cm nitride powder ha?iig a moisture resistance and a specific particle 
size rf i s t r i bi t i on , the snriace treatment can he condocted after gricdin 
g or simultaneously with grinding. In the method where the surface treat 
meet is conducted s i mu 1 t a n e o n s I y with grinding, it is merely necessary t 
o simultaneously add the surface modifier and the grindiig solvent into 
a gTinder before wet-grinding the aluminam nitride powder. Therefore, th 
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e inventive method is convenient in operation. Furthermore, during grind 
i n g , fresh aluminum nitride particles are produced continuously. The s u r 
face modifier coats the surface cf the aluminum nitride ponder via cbemi 
ca) bonding between the seriate modifier and the alofcinum nitride pewder 
so as to achieve the moisture resistance property. Additionally, the al 
urninan uitiidc powder having specific particle distribution can be obtai 
c e d diring the grinding. As compared to the prior art described above, t 
he present invention overcomes the drawback! snch as Ions treatment time 
, expensive equipment, and difficulty to control the treatment process. 
Furthermore, as compared to U.S. Patent No. 5,234,712, in addition to lo 
wer costs, the present invention overcomes the drawbacks such as require 
ment of high temperature oxygenation, pollpliot and difficulty in cataly 
st recovery. 

Additionally, the crude aluminum nitride powder is produced directly in 
an ilnmiDum container, rather than in a refractory container, ft is not 
reqtired to press the reactaot into pellets doling manifactiiing* Tberef 
ore, the method used in the invention for manufacturing the erode alum in 
om nitride powder provides the advantages such as relatively high conver 
sioi, reduced cost and reduced pollition. 

While the present invention has been described in connection with what i 
s considered the most practical and preferred embodiments, it is underst 
ood that this invention is not limited to the discloses embodiments bat 
'is intended to cover various arrangements includes withio the spirit and 
scope of tbe broadest interpretation so as to encompass ail sucb nodifi 
cations and equivalent a r r a q g erne n t s . 
4. Breif Description of Drawings 

Figure 1 is a schematic view to illustrate the equipment to produce the 
crude aluminam nitride powder according to the process of this invention 
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CHI J 




1 . Abs trac t 

A surface trcitncnt method for alumiaam nitride inclides the steps ot: 
obtainiaf an alomioora nitride powder; and 

treating the aloainm nitride powder with a surface modifier by: 

(a) s irou I t aneoi S I y giindiog sod mining the aluminum nitride powder with 
the surficc modifier, or 

(b) grinding the aluminum nitride powder and subsequently mixing the sam 
e with the surface modi f i cr . 

2. Icpmcntiv-c Drawing 
Fig.1 



